We have discovered a charge density wave (CDW) instability in BaNi2As2, a structural homologue of the pnictide high temperature superconductor BaFe2As2 in which all the Fe cations are replaced by Ni. It is known that the superconducting transition temperature in this material is highly suppressed compared to its Fe-based cousin, reaching a maximum Tc = 3 K under Co doping [1] . Using single-crystal x-ray diffraction, we show that BaNi2As2 exhibits a CDW that is unidirectional, incommensurate, and emerges in the vicinity of the tetragonal-to-triclinic phase transition temperature, Ttri [2]. The CDW wave vector pins to a commensurate value below a lock-in temperature, TL. Co doping has the effect of suppressing both Ttri and TL, and enhancing Tc. Our study suggests that a competing CDW instability is the cause of Tc suppression in BaNi2As2, and demonstrates that pnictide-type superconductors can exhibit robust CDW order.
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The discovery of Fe-based superconductivity in 2008 [3] uncovered an entirely new and fascinating class of unconventional superconducting materials with transition temperatures rivaling those of the high-T c cuprates [4] . Similar to the role of Cu in the cuprates, the presence of the magnetic Fe cation is known to be crucial for stabilizing the high-T c phases, since the complete exchange of another transition metal for Fe either quenches superconductivity altogether or strongly suppresses it [5] . For example, the prototypical Fe-based superconductor, Ba(Fe 1−x Co x ) 2 As 2 , exhibits a maximum superconducting transition temperature, T c , of 24 K when x = 0.07 [4, 6] . However, its Ni homologue, Ba(Ni 1−x Co x ) 2 As 2 , exhibits a maximum T c of only 3 K [1, 7] . The reason why Ni substitution reduces T c so dramatically is not known.
The copper-oxide High-T c superconductors offer some clues. The prototype cuprate La 2−x Sr x CuO 4 (LSCO) exhibits a maximum T c = 38 K, however its Ni homologue, La 2−x Sr x NiO 4 (LSNO), is not superconducting at all. Instead, LSNO exhibits a long-ranged charge/spin density wave sometimes referred to a "stripe" phase [8] [9] [10] . The absence of superconductivity in LSNO is normally attributed to the formation of this competing Fermi surface instability. This raises the question of whether a similar, competing instability might be the origin of T c suppression in Ba(Ni 1−x Co x ) 2 As 2 .
Using single crystal x-ray diffraction, we show here that Ba(Ni 1−x Co x ) 2 As 2 exhibits a long-ranged, Peierlslike charge density wave (CDW). The CDW is incommensurate, unidirectional, and emerges in the vicinity of the tetragonal-to-triclinic phase transition temperature, T tri [2] . At a lower temperature, T L , the CDW exhibits a lock-in transition and becomes commensurate. The primary effect of Co doping is to suppress both phase transitions, thereby enhancing the superconducting T c . Our study suggests that a competing CDW instability is the cause of T c suppression in this material, and demonstrates that pnictide-type superconductors can exhibit robust CDW order.
Single crystals of Ba(Ni 1−x Co x ) 2 As 2 with x = 0, 0.07, 0.08, and 0.12 were grown using the Pb flux method [11] , with a mixture in ratios of Ba:NiAs:CoAs:Pb=1:2(1-x):2x:20.
The mixture was placed in an alumina crucible, vacuum sealed in quartz, heated to 1000
• C at 50
• C/h, and cooled to 600 • C at 1
• C/h, followed by decanting the residual flux. The chemical composition was determined by measuring energy dispersive x-ray spectroscopy on multiple regions of each sample. X-ray absorption spectroscopy measurements at the As L 1 edge, obtained in electron yield mode at beamline 13-3 at the Stanford Synchrotron Radiation Laboratory (SSRL), revealed changes in the As p density of states ( Fig. 3(a) (inset) ) similar to those observed in Co-doped BaFe 2 As 2 [12] . Single-crystal xray measurements were performed using a Mo K α source (λ = 0.7093Å) and 345-mm diameter image plate detector mounted on a four-circle diffractometer, allowing full 3D mapping of reciprocal space. Samples were cooled with a closed-cycle helium cryostat employing Be domes as a vacuum shroud and radiation shield.
Ba(Ni 1−x Co x ) 2 As 2 exhibits a tetragonal-to-triclinic phase transition analogous to the orthorhombic phase transition in Fe-based superconductors [2, 4] . The evolution of this transition with temperature and Co doping is summarized in Fig. 1 
Tetragonal structure
Triclinic structure [2] . Fig. 1(a)-(d) illustrates the evolution of this phase transition by comparing temperature-dependent momentum maps, taken in the H-K plane, of selected tetragonal and triclinic Bragg reflections for each composition studied (refined lattice parameters are given in Table I ). Here, we use (H, K, L) tet and (H, K, L) tri to denote reciprocal space locations in tetragonal and triclinic units, respectively. The particular reflections used for each comparison are unimportant and were chosen out of convenience. Figure 1 (a) compares maps of the (0, 0, 14) tet and (0, 0, 7) tri reflections from the x=0 sample at a selection of temperatures (the broadening and tilt of the Bragg lineshape is due to the momentum resolution of the instrument). As the sample is cooled the intensity of the (0, 0, 14) tet reflection decreases abruptly at T tri = 136 K. The (0, 0, 7) tri appears and its intensity grows rapidly after a narrow range of coexistence. This observation validates previous claims that this transition is weakly first order [2] .
The same comparisons for Co-doped samples ( Fig.  1(b)-(c) ) show that the triclinic phase is suppressed to T tri = 75 K and T tri = 74 K at x = 0.07 and x = 0.08, respectively. The tetragonal phase does not vanish below T tri at these compositions, however, but persists down to our base temperature of 5 K. Also, the development of the intensity of the triclinic Bragg reflection is more gradual in these crystals than in the x=0 case. These observations indicate that Co doping suppresses and broadens the triclinic transition and leads to an extended region of coexistence between tetragonal and triclinic phases. No structural phase transition was observed in the x=0.12 crystal (Fig. 1(d) ), which remained tetragonal down to 5 K. The behavior of tetragonal and triclinic reflections for all compositions studied is summarized in Fig. 3(b) .
Our main result is the discovery of a Peierls-like CDW in Ba(Ni 1−x Co x ) 2 As 2 . X-ray measurements of the x = 0 crystal are summarized in Fig. 2(a)-(c) . While still in the tetragonal phase, as the temperature is lowered toward T tri , a weak, incommensurate reflection with propagation vector (0.28, 0, 0) tet appears and grows in intensity as the transition is approached. This reflection is visible in multiple Brillouin zones (Fig. 2(a),(b) ), identifying it as a coherent CDW superstructure and not an errant reflection from another grain. That the CDW is visible on a laboratory-based x-ray source, and does not require resonant x-ray scattering techniques to detect, qualitatively suggests the presence of a large lattice distortion, suggesting that this is a Peierls-like CDW driven by the electron-phonon interaction.
When the crystal is cooled through T tri , the (0.28, 0, 0) tet reflection vanishes and is replaced by second, much stronger CDW characterized by incommensurate triclinic wave vector (0.31, 0, 0) tri (Fig. 2(c) ). Note that, despite the similar Miller indices, the angle between these two vectors is nearly 20
• , meaning the two CDWs reside in completely different regions of momentum space. Evidently the structural instability leading to the triclinic distortion is associated with the formation of this second CDW. The wave vector of the CDW shifts as the temperature is lowered and pins to the commensurate value (1/3, 0, 0) tri at a lock-in transition at T L = 128 K (Fig. 2(c) ). This effect is due to lattice pinning, which is observed in a wide variety of Peierls materials [13] [14] [15] [16] [17] .
In Co-substituted samples, a CDW is no longer observed in the tetragonal phase. However, at x = 0.07 and x = 0.08 an incommensurate CDW still appears at the (suppressed) triclinic phase transition (Fig. 2(d)-(e) ). Both of these compositions still exhibit a lock-in transition to a commensurate phase, whose transition temperatures are reduced to T L = 47.5 K for x = 0.07 and T L = 25 K for x = 0.08. The commensurate CDW in both crystals has the same period-3 wavelength as the undoped (x = 0) compound. However, strangely, the modulation in the x = 0.07 sample is rotated 90
• with respect to the others, with a modulation wave vector along the K direction of (0, 1/3, 0) tri . In the x = 0.08 sample the modulation vector, as in the x = 0 case, was found to be along the H direction again, with wave vector (1/3, 0, 0) tri . We deduce that, although H and K directions are not equivalent in the triclinic phase, the anisotropy between two is not large enough to pin down the direction of the CDW modulation, which is nevertheless unidirectional in all samples. The much smaller degree of incommensuration of the incipient CDW in x=0.07 suggests that the degree of anisotropy is, however, nonzero.
No CDW was observed in the x = 0.12 sample, which also exhibits no triclinic transition (Fig 1(d) ). This supports the picture that the CDW and triclinic transition are directly related. The CDW intensity and degree of commensurability for all samples are summarized in Fig.  3(c)-(d) .
The overall picture that emerges is summarized in the Ba(Ni 1−x Co x ) 2 As 2 phase diagram presented in Fig. 4 . The stoichiometric (x = 0) compound is tetragonal at room temperature but, as the system is cooled, develops precursor fluctuations of an incipient, incommensurate CDW with wave vector (0.28, 0, 0) tet . These fluctuations grow continuously as the system is cooled, but are preempted at T tri = 136 K by the first order, tetragonal-totriclinic transition. In the triclinic phase a second, incommensurate CDW appears with wave vector (0.31, 0, 0) tri , which corresponds to a completely different location in reciprocal space, since the indices are now defined in terms of the triclinic cell. Upon further cooling, the CDW wave vector shifts and pins to the commensurate value (1/3, 0, 0) tri at T L = 129 K. The low-temperature superconductivity exhibited at T c = 0.6 K by this material [1, 11] emerges out of this modulated phase.
Co doping suppresses T tri and broadens this transition, leading to an extended region of heterogeneous coexistence of tetragonal and triclinic phases. CDW fluctuations are no longer observed in the tetragonal phase, but the triclinic phase still exhibits an incommensurate CDW that undergoes a lock-in transition, albeit at a lower temperature than at x = 0. Curiously, the CDW was observed to be unidirectional in all samples at all temperatures, but its direction is not universal; the modulation runs along the H reciprocal space direction in all samples except x = 0.07, in which the modulation is along K. This indicates that the triclinic anisotropy is not strong enough to pin the modulation direction of the CDW.
A previous neutron diffraction study failed to detect antiferromagnetism in this material [18] . Nevertheless, the magnetic susceptibility exhibits an anomaly at T tri ( Fig. 3(a) ), suggesting that the spins order when the CDW forms. By analogy with stripe-ordered nickelates [8, 9] , we speculate that this could be because the mag-netism and charge order are coupled in this material, which would cause the antiferromagnetism to be incommensurately modulated and located at a low-symmetry point in reciprocal space. Further neutron studies are needed to determine this.
The superconducting phase with the highest T c = 3 K, observed at x = 0.08 [1] , arises in a heterogeneous phase of coexisting tetragonal, triclinic, and CDW order. Our study therefore suggests that the suppression of superconductivity in this material, compared to its Fe-based cousin, Ba(Fe 1−x Co x ) 2 As 2 , is a consequence of its competition with this CDW instability.
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